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Task Force 2: Pediatric Training Guidelines for Noninvasive Cardiac Imaging October 4, 2005:1384–8enetics, tissue engineering, stem cell biology, or develop-
ental biology. In all of these conferences, pediatric cardi-
logy fellows should be provided with active roles appropri-
te to their level of knowledge and training.
EACHING AND EVALUATION SKILLS
t is a fundamental responsibility in academic medicine that
hose with the most experience must teach. The pediatric
ardiology fellow will often be the most clinically experi-
nced house officer on a team of residents, interns, and/or
edical students. The fellow in that setting should be
xpected to provide lectures/seminars to the team of house
fficers. The pediatric cardiology fellow should also be
llowed the opportunity to practice clinical leadership,
rganizational skills, and impromptu educational activities
s appropriate to his/her demonstrated level of knowledgeark S. Sklansky, MD, FACC, Paul M. Weinberg, MD
ines were promulgated.
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pritique of these skills by the attending physician as well as
emonstration of these skills to the fellow by the attending.
Pediatric cardiology fellows should develop formal
valuation of trainees and training skills during their
ellowship. To do so, they should participate in feedback
o residents, students, and cardiology attendings
hroughout their rotations regarding their own educa-
ional and technical progress and the progress of other
eam members. Accurate self-evaluation is the most
aluable skill of all and should be nurtured in all phases
f pediatric cardiology training.
doi:10.1016/j.jacc.2005.07.015
PPENDIX
he authors of this section declare they have no relation-
nd training. There should be occasion for observation and ships with industry pertinent to this topic.
ask Force 2: Pediatric Training
uidelines for Noninvasive Cardiac Imaging
ndorsed by the American Society of Echocardiography and the
ociety of Pediatric Echocardiography
tephen P. Sanders, MD, FACC, Chair, Steven D. Colan, MD, FACC,
imothy M. Cordes, MD, FACC, FAAP, Mary T. Donofrio, MD, FACC, FAAP,
regory J. Ensing, MD, FACC, Tal Geva, MD, FACC, Thomas R. Kimball, MD, FACC, FAAP,
avid J. Sahn, MD, MACC, FAAP, Norman H. Silverman, MD, FACC, FAHA,, FACC, FAAPNTRODUCTION
oninvasive imaging, including echocardiography and
agnetic resonance imaging (MRI), is a primary means for
lucidating the anatomy and physiology of childhood heart
isease. Competence in performance and interpretation of
chocardiography and MRI is now essential to the practice
f pediatric cardiology. Depending upon one’s individual
areer goals, varying levels of expertise may be expected to
e achieved during fellowship training. This document
efines the levels of knowledge and expertise that pediatric
ardiology trainees should acquire in echocardiography and
RI during training, and it offers guidelines for achieving
hese levels of competence.
Training guidelines have been previously published for
ediatric echocardiography (1), fetal echocardiography (2),
nd pediatric transesophageal echocardiography (3). Those
ocuments were reviewed and considered during prepara-
ion of these guidelines. The guidelines presented here differ
n some instances from previous recommendations because
his task force recognizes that training programs have
hanged significantly over the decade since the last guide-EDIATRIC ECHOCARDIOGRAPHY
chocardiography, as used in this document, includes two-
imensional imaging of the heart and related structures,
-mode echocardiography for assessment of chamber size
nd function, color M-mode and Doppler tissue and flow
apping, pulsed and continuous-wave spectral Doppler
ow analysis, and other variations of these basic modalities
sed to assess the structure and function of the heart and
elated organs, including new technologies such as three-
imensional echocardiography as they become available.
acilities and Environment
he pediatric echocardiography laboratory should serve a
ospital with inpatient and outpatient facilities, neonatal and
ediatric intensive care units, a pediatric cardiac catheteriza-
ion/interventional laboratory, and an active pediatric cardiac
urgical program. The pediatric echocardiography laboratory
hould be under the supervision of a full-time pediatric
ardiologist-echocardiographer qualified to direct a laboratory,
nd whose primary responsibility is supervision of the labora-
ory. The laboratory must perform a sufficient number of
ediatric transthoracic, pediatric transesophageal, and fetal
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October 4, 2005:1384–8 Task Force 2: Pediatric Training Guidelines for Noninvasive Cardiac Imagingchocardiograms (1,4) each year to allow trainees sufficient
xposure to both normal and abnormal examinations.
EVELS OF EXPERTISE
raining goals defined here are to enable trainees to achieve
ne of two levels of expertise in echocardiography as
ppropriate for career goals.
ore
Understanding of the general physical properties of
ultrasound and clinical ultrasound technology.
Ability to perform and interpret transthoracic echocardi-
ography in normal infants, children and adolescents, and
in those with childhood heart disease, with consultation
as needed.
Basic introduction to the principles of performing and
interpreting transesophageal and fetal echocardiograms.
Physicians with core expertise only are not expected
to perform transesophageal and fetal echocardiograms
independently.
dvanced
Special expertise in performance and interpretation of
transthoracic echocardiography in all forms of congenital
and acquired pediatric heart disease, including the adult
with congenital heart disease, enabling the practitioner to
function independently.
Ability to perform and interpret transesophageal and
fetal echocardiography independently.
Ability to supervise training and performance of sonog-
raphers, fellows, and other physicians.
RAINING GUIDELINES
ore training should be achieved by all pediatric cardiology
ellows during core clinical training, typically during four to
ix months dedicated to echocardiography over the course of
he standard three-year training program. This level of
xpertise is anticipated to be sufficient for those fellows who
o not plan to pursue echocardiography as an area of
ubspecialization.
Advanced training requires an additional 9 to 12 months
f training and may be achieved through a dedicated
xperience in pediatric echocardiography after completion
f core pediatric echocardiography instruction. This level of
raining is appropriate for those physicians who intend to be
edicated pediatric echocardiographers.
RAINING GOALS
uccessful completion of each training level should result in
ompetence in the following specific areas.
ore
Understanding of the physical properties of ultrasound.
Proper, safe, and facile use of ultrasound instruments.
Knowledge of the limitations of echocardiography. tRecognition of cardiac structures displayed by echocar-
diography and the correlation between echocardiographic
images and cardiac anatomy.
Interpretation of Doppler flow information and deduc-
tion of cardiovascular physiology.
Performance and interpretation of complete transtho-
racic two-dimensional and M-mode echocardiograms,
Doppler color-flow mapping, and pulsed- and continuous-
wave spectral Doppler flow analysis in normal pediatric
patients and in those with childhood heart disease, with
consultation as needed.
Assessment of systolic, diastolic, and regional myocardial
function in normal pediatric patients and those with
childhood heart disease, with consultation as needed.
Ability to review critically published clinical research in
echocardiography.
dvanced
n addition to core competencies, other goals include:
Independent performance and interpretation of complete
transthoracic two-dimensional and M-mode echocardio-
grams, Doppler color-flow mapping, and pulsed- and
continuous-wave spectral Doppler flow analysis in nor-
mal pediatric patients and in those with childhood heart
disease.
Independent assessment of systolic, diastolic and regional
myocardial function in normal pediatric patients and in
those with congenital or acquired heart disease, to in-
clude stress echocardiographic studies.
Special expertise in the performance and interpretation of
pediatric transthoracic, pediatric transesophageal, and
fetal echocardiography.
Training of sonographers and junior pediatric cardiology
trainees.
Participation in basic or clinical research in echocardiog-
raphy, including presenting original data at one or more
scientific meetings.
RAINING METHODS
ach level of training may be achieved by the methods
utlined in the following text or by comparable alternative
ethods. A summary of the recommended minimum num-
er of procedures is found in Table 1.
ore
ach trainee should perform and interpret at least 150
ediatric echocardiograms, including at least 50 in patients
ne year of age or younger, under the supervision of the
aboratory director or other qualified staff pediatric
ardiologist-echocardiographer(s). Each trainee should also
eview at least 150 additional pediatric echocardiograms.
In addition, the laboratory director or other staff pediatric
ardiologist-echocardiographer(s) should conduct regular
aboratory conferences with the trainee(s) to present illus-
rative cases and to teach proper interpretation and the
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odels, or photographs for echocardiographic-anatomic
orrelation are excellent teaching aids that should be incor-
orated wherever possible.
Integration of echocardiography into the clinical practice
f pediatric cardiology should be demonstrated on inpatient
nd outpatient rotations and at medical-surgical manage-
ent conferences.
Research training for pediatric cardiology trainees should
nclude active participation in reviews of scientific journal
rticles that pertain to echocardiography.
dvanced
ach advanced-level trainee should perform and interpret
t least 200 additional pediatric transthoracic echocardio-
rams and review, or perform and interpret, another 200
ediatric echocardiograms. As with core training, at least
0 of these should be done in infants one year of age or
ounger. Each trainee should perform a significant num-
er of echocardiograms independently (one-third to one-
alf of the exams), with subsequent review and critique of
he examination by the responsible staff pediatric
ardiologist-echocardiographer. Teaching methods out-
ined in the previous text should be continued here.
Each advanced-level trainee should perform and interpret
t least 50 pediatric transesophageal echocardiograms, in-
luding manipulation of the transducer and registration of
mages, under direct supervision by a dedicated pediatric
ardiologist-echocardiographer. The trainee should perform
ntubation of the esophagus in at least 20 patients under the
irect supervision of a pediatric cardiologist-echocardiographer
r anesthesiologist experienced in the procedure. An ideal
nvironment for learning pediatric transesophageal echocar-
iography is the operating suite during performance of
ntraoperative examinations, but the training experience
hould not be limited to this venue and should include the
ntensive care unit, cardiac catheterization suite, and outpa-
ient examinations.
Each advanced trainee should perform and/or review at
east 50 fetal echocardiograms. The trainee must master the
undamental skills of determining fetal position, situs,
ardiac anatomy, and cardiac rhythm under the supervision
able 1. Echocardiography Training—Recommended Minimum
rocedure Numbers
ore training
TTE perform and interpret
(1 year of age)
150 (50)
TTE review 150
dvanced training*
TTE perform and interpret
(1 year of age)
200 (50)
TTE review 200
TEE perform and interpret 50
Fetal echocardiogram 50
Numbers are in addition to those obtained during core training.
TEE  transesophageal echocardiogram; TTE  transthoracic echocardiogram.f a dedicated pediatric cardiologist-echocardiographer. the trainee should observe and participate in the discussion of
he findings with the parents by the staff echocardiographer
esponsible for the examination. As the trainee’s experience
rogresses, a significant proportion (30% to 50%) of
tudies should be performed independently, including
ases with normal and abnormal cardiac anatomy and
hythm, with supervision by a dedicated pediatric
ardiologist-echocardiographer. Each trainee should un-
erstand how to recognize and approach fetal heart
ailure, and he or she should understand the association
f fetal heart disease with extracardiac structural abnor-
alities, syndromes, and chromosomal abnormalities.
Research training for pediatric cardiology trainees should
nclude, at a minimum, active participation in reviews of
cientific journal articles that pertain to echocardiography.
n addition, participation in basic or clinical research in
chocardiography should be encouraged.
Each advanced-level trainee should be given responsibility
or participating in the training of sonographers and junior
ediatric cardiology fellows, initially with supervision of the
aboratory director and then independently and also pre-
enting echocardiography-related teaching conferences and
ormal didactic lectures.
VALUATION
he laboratory director, in consultation with the teaching
taff, should evaluate each trainee in writing on a regular
asis. Trainees should maintain a log of all echocardiograms
erformed and reviewed, including the age of the patient
nd the diagnosis. The log should be reviewed regularly by
oth the laboratory director and the training program
irector to ensure that each trainee is obtaining adequate
nd balanced experience.
The evaluation should be reviewed with each trainee and
written copy provided. If a trainee does not appear to be
rogressing adequately during the rotation, a meeting
hould be scheduled as soon as possible to inform the trainee
nd to discuss potential remedial measures. The evaluation
hould be based on achievement of the expected levels of
ompetence in the areas outlined in the previous text.
Direct observation of the trainee during performance of
chocardiograms provides information about imaging skills
nd understanding of the ultrasound instruments. Conferences
n which echocardiograms are presented provide an opportu-
ity to assess skills in interpretation of images and Doppler
ecordings. The trainees’ understanding of research design and
ethods and ability to review research can be critically evalu-
ted during journal club meetings or other venues for medical
iterature review. Teaching skills and effectiveness can be
valuated by direct observation and from evaluations by sonog-
aphers and more junior trainees and by performance at
eaching conferences prepared and delivered by trainees.
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October 4, 2005:1384–8 Task Force 2: Pediatric Training Guidelines for Noninvasive Cardiac ImagingEDIATRIC CARDIOVASCULAR
AGNETIC RESONANCE IMAGING
agnetic resonance imaging (MRI) as used in this docu-
ent includes anatomic and functional cardiovascular MRI
n congenital and acquired pediatric heart disease as well as
n the adult with congenital heart disease. At present, there
re no specific guidelines for training or credentialing in
ediatric cardiovascular MRI. It is likely that the training
uidelines for pediatric cardiovascular MRI proposed here
ill require amendment as the field evolves. These guide-
ines must be considered as goals and should not be
onsidered as requirements.
EVELS OF EXPERTISE
rainees may achieve one of two levels of expertise in
ediatric cardiovascular MRI as appropriate for career goals.
ore
Familiarity with the general physical principles upon
which MRI is based.
Ability to view and understand MR images in normal
infants, children, and adolescents and those with child-
hood heart disease.
Introduction to commonly used imaging protocols and
MRI terminology.
dvanced
Thorough understanding of clinical MRI instruments
and the imaging protocols used for cardiovascular imag-
ing and physiological analysis (e.g., quantitative analysis
of ventricular function and blood flow).
Ability to independently perform and interpret all types
of MRI in childhood heart disease and congenital heart
disease at all ages.
Ability to supervise training of technologists, fellows, and
other physicians.
RAINING GUIDELINES
raining in pediatric cardiovascular MRI should occur
ithin a pediatric cardiology fellowship program and/or a
ediatric radiology training program accredited by the
ccreditation Council for Graduate Medical Education
ACGME). The MR laboratory should serve a hospital
ith both inpatient and outpatient facilities, neonatal and
ediatric intensive care units, a pediatric cardiac catheter-
zation/interventional laboratory, and an active pediatric
ardiac surgical program. The MRI laboratory should be
nder the supervision of a full-time cardiologist and/or
adiologist qualified in cardiovascular MRI, and it must
erform a sufficient number of annual examinations to allow
ach trainee sufficient exposure to both normal and abnor-
al examinations.
Core training should be achieved by all pediatric cardiol-gy fellows during the core clinical years of the program. this level of expertise may be sufficient for those fellows
ho plan to practice clinical pediatric cardiology with access
o a pediatric cardiologist or radiologist with special exper-
ise in pediatric cardiovascular MRI.
Advanced training requires a minimum of six months of
nstruction in addition to core training. This level of training
s appropriate for those physicians who intend to have
pecial expertise in pediatric cardiovascular MRI and is
ecommended for directors of pediatric cardiovascular MRI
aboratories.
RAINING GOALS
uccessful completion of each training level should result in
ompetence in the following specific areas.
ore
Physical principles of MRI and physiologic analysis.
Limitations of, and contraindications to, MRI.
Recognition of cardiac structures displayed byMRI and the
correlation between MR images and cardiac anatomy.
Basic familiarity with commonly used imaging protocols,
their clinical uses, and MRI terminology.
Critical review of published clinical research in pediatric
cardiovascular MRI.
dvanced
Thorough understanding of MRI physics, instrumenta-
tion, nomenclature, and safety.
Special expertise in the performance and interpretation of
pediatric cardiovascular MRI, including all commonly
used imaging and flow analysis protocols.
Training of technologists and junior pediatric cardiology
trainees.
Management of and quality assurance for the MRI
laboratory.
Basic or clinical research in pediatric cardiovascular MRI,
including presenting original data at one or more scien-
tific meetings.
RAINING METHODS
ach level of training may be achieved by the methods
utlined in the following text or by comparable alternative
ethods.
ore
ediatric cardiology trainees should gain exposure to car-
iovascular MRI through active review of scientific journal
rticles that pertain to pediatric cardiovascular MRI, discus-
ion with cardiologists and radiologists who perform car-
iovascular MRI, and, if possible, review of cardiovascular
RI examinations.
dvanced
uring a fellowship in pediatric cardiovascular MRI, each
rainee should perform and/or interpret at least 100 cardio-
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Task Force 3: Training Guidelines for Pediatric Cardiac Catheterization and Interventional Cardiology October 4, 2005:1388–90ascular MRI examinations in patients with congenital or
cquired childhood heart disease, including adult patients
ith congenital heart disease. As the trainee’s experience
rogresses, an increasing proportion of these examinations
hould be performed independently, with review and cri-
ique by the laboratory director.
Research training should include continued critical review
f the pediatric cardiovascular MRI literature and an op-
ortunity to perform basic or clinical research leading to
ublication or presentation of scientific data.
Each trainee should be given responsibility for participat-
ng in the training of technologists and junior pediatric
ardiology fellows, initially with supervision of the labora-
ory director and subsequently independently. In addition,
ach trainee should have opportunities to observe and
articipate in the management of the laboratory, especially
uality improvement initiatives.
VALUATION
he laboratory director, in consultation with the teaching
taff, should evaluate each trainee in writing. The evaluationharles E. Mullins, MD, FACC, FAHA, FAAP, Jonath
erforming the procedure (i.e., requires knowledge of the
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hrovided. The trainee should maintain a log of all examina-
ions performed and reviewed, including the age of the patient,
iagnosis, and role of the trainee in the examination.
doi:10.1016/j.jacc.2005.07.016
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ask Force 3: Training Guidelines for Pediatric
ardiac Catheterization and Interventional Cardiology
ndorsed by the Society for Cardiovascular Angiography and Interventions
obert H. Beekman III, MD, FACC, FAAP, Chair, William E. Hellenbrand, MD, FACC,
homas R. Lloyd, MD, FACC, James E. Lock, MD, FACC, FAAP,an J. Rome, MD, FACC, David F. Teitel, MDNTRODUCTION
he purpose of this document is to recommend minimum
raining experiences in cardiac catheterization for clinical
ellows in pediatric cardiology training programs. Training
uidelines in cardiac catheterization are well-established in
dult cardiovascular medicine (1,2), and they have been
onsidered recently in pediatric cardiology as well (3,4).
Pediatric cardiac catheterization is a unique specialty
ncompassing a wide range of diagnostic and therapeutic
echniques applied to a diverse group of congenital and
cquired cardiovascular disorders. A physician who per-
orms a pediatric cardiac catheterization must possess the
echnical skills and clinical judgment to safely and accurately
erform a thorough diagnostic cardiac catheterization and
ngiographic study. Furthermore, an interventional pediat-
ic cardiologist must also assess the indications for a catheter
ntervention, including the risks of performing or notatural history of the defect), and must skillfully perform
he appropriate catheter intervention. It is appropriate,
herefore, to delineate minimal training requirements in
ardiac catheterization for pediatric cardiology trainees.
There are no studies relating training experiences to
ubsequent clinical skill in pediatric cardiac catheterization.
herefore, the recommendations in Task Force 3 represent
he opinions of the authors. To help guide this process, all
ccreditation Council for Graduate Medical Education
ACGME)-accredited pediatric cardiology training pro-
rams were surveyed in 2001 to inquire about current
ractices and opinions regarding fellow training in pediatric
ardiac catheterization and intervention. Thirty-two programs
esponded. The responses represented the opinions of fel-
owship directors (n  21), catheterization laboratory direc-
ors (n  15), and division directors (n  13) (in some
rograms one individual holds more than one position).
his document draws on this Training Program Survey to
elp define training guidelines in this specialty.
